We performed a systematic review and meta-analysis to study all published clinical trial interventions, determined the magnitude of whole-body hypertrophy in humans (healthy males) and observed the individual responsibility of each variable in muscle growth after resistance training (RT). Searches were conducted in PubMed, Web of Science and the Cochrane Library from database inception until 10 May 2018 for original articles assessing the effects of RT on muscle size after interventions of more than 2 weeks of duration. Specifically, we obtain the variables fat-free mass (FMM), lean muscle mass (LMM) and skeletal muscle mass (SMM). The effects on outcomes were expressed as mean differences (MD) and a random-effects meta-analysis and meta-regressions determined covariates (age, weight, height, durations in weeks . . . ) to explore the moderate effect related to the participants and characteristics of training. One hundred and eleven studies (158 groups, 1927 participants) reported on the effects of RT for muscle mass. RT significantly increased muscle mass (FFM+LMM+SMM; ∆1.53 kg; 95% CI [1.30, 1.76], p < 0.001; I 2 = 0%, p = 1.00). Considering the overall effects of the meta-regression, and taking into account the participants' characteristics, none of the studied covariates explained any effect on changes in muscle mass. Regarding the training characteristics, the only significant variable that explained the variance of the hypertrophy was the sets per workout, showing a significant negative interaction (MD; estimate: 1.85, 95% CI [1.45, 2.25], p < 0.001; moderator: -0.03 95% CI [−0.05, −0.001] p = 0.04). In conclusion, RT has a significant effect on the improvement of hypertrophy (~1.5 kg). The excessive sets per workout affects negatively the muscle mass gain. In this context, being able to predict changes in body composition would be very useful for training and conditioning and for health professionals, both in the non-clinical and the clinical fields, helping them to set appropriate goals as well as to correctly assess the progression during interventions. However, despite its importance, several limitations arise regarding muscle hypertrophy, defined as an increase in the size of muscle tissue [3] . On the one hand, no consensus exists for quantifying this increase in muscle tissue, since different methods are employed to measure it (fat-free mass, lean muscle mass or skeletal muscle mass). On the other hand, another limitation for trainers and practitioners is that with current knowledge and research it is difficult to predict how much muscle mass can be gained.
Introduction
Achieving a proper muscle mass is a key factor for sports performance as well as for attaining a good body image. Furthermore, muscle is increasingly being recognized as a key tissue for the maintenance of an adequate health status, not only regarding movement and posture but also as a regulator of inter-organ crosstalk for energy and protein metabolism throughout the body [1] . Therefore, improving lean body mass and preventing muscle loss should be crucial in promoting overall health and in achieving the targeted performance level [1, 2] . 
Selection Criteria
The specific inclusion criteria were: (1) studies examining the effect of RT from for at least 2 weeks to one year on lean body mass, skeletal muscle mass or fat-free mass; (2) participants were men; (3) studies published in English, and; (4) studies provide information of outcomes both at baseline and follow-up. Research studies were excluded if they: (1) used a sample population with pathologies or not between 18 and 40 years of age; (2) used men and women in the same group of training; (3) performed RT with a negative energy balance; (4) were a review or did not have an
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Outcomes
The output variables of the articles were defined as follows. Fat-free mass (FMM) was calculated as "all that is not fat", subtracting fat weight from body weight, or when the measurements were obtained by dual X-ray absorptiometry was calculated as lean tissue plus bone mineral content [12] . Lean muscle mass (LMM), lean mass, lean body mass, bone-free lean body mass or mineral-free lean mass was calculated as the fat-free mass minus the bone mineral content (DXA) or as fat-free mass minus the estimated weight [13] of the live bone by the equation of Heymsfield et al. [14] . Skeletal muscle mass (SMM) or skeletal muscle was defined as lean muscle and was calculated by anthropometric equations, by proprietary algorithms when using bioimpedance or by estimates based on dual X-ray absorptiometry data [15] .
Evaluation of the Methodology of the Studies Selected
The methodological quality of the selected studies was assessed with the quality assessment tool for before−after (pre−post) studies with no control group tool (National Heart Lung and Blood Institute, 2014), which analyses the following items: (1) study question; (2) eligibility criteria and study population; (3) study participants representative of clinical populations of interest; (4) all eligible participants enrolled; (5) sample size; (6) intervention clearly described; (7) outcome measures clearly described, valid, and reliable; (8) blinding of outcome assessors; (9) follow-up rate; (10) statistical analysis; (11) multiple outcome measures; and (12) group-level interventions and individual-level outcome efforts. For each study, each item was described as having either a low risk of bias, an unclear risk of bias or a high risk of bias. Risk of bias was assessed independently by two authors (P.J.B. and D.J.R.-C.) using the previously described risk of bias tool.
Data Synthesis and Statistical Analysis
The meta-analysis and the statistical analysis were conducted using the Review Manager software (RevMan 5.2; Cochrane Collaboration, Oxford, UK). A random effects meta-analysis was conducted to determine the summary effect of RT on lean body mass, skeletal muscle mass or fat-free mass. The effects of training on these outcomes were expressed as mean differences (MD) and their 95% confidence intervals (CI). The heterogeneity between the studies was evaluated through the I 2 statistic, and between-study variance using the tau-square (Tau2) [16] . The I 2 values of 30−60% represented a moderate level of heterogeneity. A p value < 0.1 suggests the presence of substantial statistical heterogeneity. The publication bias was evaluated through an asymmetry test as estimated from a funnel plot ( Figure 2 ). In addition, the Egger's test was used to assess publication bias. A p-value of less than 0.05 was considered to be statistically significant.
(FFM = 10.4 ± 5.41; LMM = 9.37 ± 4.53; SMM = 10.5 ± 4.01) with a weekly frequency of between 2 and 6 days (FFM = 3.5 ± 0.84; LMM = 3.2 ± 0.81; SMM = 3.3 ± 0.94). The resistance training sessions were carried out with between 1 and 20 exercises (FFM = 7.9 ± 3.13; LMM = 7.3 ± 3.67; SMM = 7.0 ± 1.48), 1 to 50 sets per exercise (FFM = 16.7 ± 11.8; LMM = 14.0 ± 10.1; SMM = 19.1 ± 11.1) and 2 to 15 repetitions per set (FFM = 7.8 ± 3.0; LMM = 9.1 ± 1.9; SMM = 8.5 ± 0.7) with intensities of 50 and 89% of 1RM (FFM = 78.8 ± 5.8; LMM = 74.6 ± 8.6; SMM = 80.8 ± 5.8).
Heterogeneity and Risk of Bias
Risk-of-bias assessment is shown in Figure 2 . Overall, the risk of bias was low in the studies, the overall median scores were high, 10/12 points. In addition, heterogeneity was not found for changes in hypertrophy for overall effects (Z= −0.078; p = 0.94). In addition, heterogeneity was not observed when studies were divided according to FFM (Z= −0.003; p = 0.99); LMM (Z = −0.25, p = 0.80) and SMM (Z = −0.58, p = 0.56). 
Effects of Moderator Variables: Meta-Regression and Sub-Analysis
To explore the moderate effect related to the participants and characteristics of training, meta-regression and meta-analysis were performed. The continuous covariates were meta-regressed individually and together in a random-effects meta-regression model using Jamovi project (Package for R). The following prognostic factors were considered: average of age, weight, height, study durations (weeks), sessions, days per week, number of exercises per workout, rest between exercise, number of sets per workout, range repetitions, training duration (min) and average intensity (%1RM) and for training status the studies were coded according to the following structure: sedentary/untrained = 0; physically active but no experience in RT = 1; RT up to 1 year/intermediate = 2; RT experience up to 2 years/intermediate = 3; RT experience up to 3 years/intermediate = 4; RT experience of 4 years or more/advanced = 5. For the meta-regression, we used a residual restricted maximum likelihood to measure between-study variance (τ2). Factors found to be significant at p = 0.05 level were included in multivariate meta-regression models. In addition, the training status variable was considered to be a categorical variable and in order to do so the participants categorized as untrained were those described as untrained, without experience in RT or less than one year of experience with loads, and the participants with RT experience of more than one year were categorized as trained. Finally, subgroup analyses were used for the effects of/to find the effects of categorical variables (training status: untrained vs trained).
Results
General Characteristics of Studies
The initial search, which was based on the effect of resistance training on muscle mass, identified 4056 articles from the databases and no articles from other sources. After removing the duplicates, 2671 abstracts were screened, 2173 were excluded and 498 were screened as full texts. Finally, 111 studies (see Supplementary Table S1 ) were determined to fulfil the inclusion criteria and thus selected for the meta-analysis ( Figure 1 ). Publications ranged from 1973 to 2018. The instruments used to carry out the measurements were anthropometry (n groups = 19), ultrasound (n groups = 1), Bod Pod (n groups = 3), bioelectrical impedance analysis (BIA) (n groups = 14), dual-energy X-ray absorptiometry (DXA) (n groups = 35), hydrodensitometry, hydrostatic weighing and underwater weighing (n groups = 10) FFM; anthropometry (n groups = 4), BIA (n groups = 1), DXA (n groups = 48), underwater weighing (n groups = 12) for LMM and anthropometry (n groups = 8) and DXA (n groups = 3) for SMM. The main characteristics and properties of the included studies are summarized in Supplementary Table S1 .
The Participants' Characteristics
The initial search, which was based on the effect of resistance training on muscle mass, identified 111 articles (158 groups) and 1927 participants were measured (23.5 ± 3.31 years; 79.4 ± 6.42 kg and 177 ± 9.19 cm). Sixty-one studies (82 groups) analysed fat-free mass, 52 studies (65 groups) evaluated the lean muscle mass and seven studies (11 groups) examined the muscle mass to analyze the effects of a resistance training programme on muscle mass. Some of these studies measured more than one variable and the same study may be included in FFM, LMM or SMM (see Table 1 ). There were a total of 951 participants in fat-free mass (23.8 ± 3.40 years; 79.5 ± 6.36 kg and 178 ± 3.64 cm), 810 participants in lean body mass (23.2 ± 3.47 years; 80.4 ± 6.41 kg and 176 ± 1.40 cm) and 155 participants in muscle mass (23.0 ± 1.24 years; 73.5 ± 3.5 kg 179 ± 3.0 cm). The participants who carried out the intervention had a state of training between untrained to bodybuilder professionals; the frequency of each state was sedentary/untrained (n groups: FFM = 13; LMM = 3; SMM = 0); physically active without experience (n groups: FFM = 26; LMM = 13; SMM = 3); with experience in resistance training up to one year (n groups: FFM = 8; LMM = 14; SMM = 5); with experience 1−2 years (n groups: FFM = 8; LMM = 5; SMM = 0); with experience 2−4 years (n groups: FFM = 8; LMM = 6; SMM = 0); and with experience 4 years or more (n groups: FFM = 7; LMM = 0; SMM = 0). 
Heterogeneity and Risk of Bias
Risk-of-bias assessment is shown in Figure 2 . Overall, the risk of bias was low in the studies, the overall median scores were high, 10/12 points.
In addition, heterogeneity was not found for changes in hypertrophy for overall effects (Z= −0.078; p = 0.94). In addition, heterogeneity was not observed when studies were divided according to FFM (Z= −0.003; p = 0.99); LMM (Z = −0.25, p = 0.80) and SMM (Z = −0.58, p = 0.56).
Meta-Analyses
Effects of Training on Hypertrophy
The results of the overall effects on muscle mass (FFM + LMM + SMM) before and after the resistance training programme showed significant improvement between pre-and post-test (n participants = 1916; 1.53 kg 95% CI [1.30, 1.76], p < 0.001; I 2 = 0%, p = 1.00).
Subgroup Analysis
RT evoked a significant increase of FFM (1. 56 (Table 1) . However, non-significant differences were observed between the different variables used to describe hypertrophy used.
When the studies were divided using the training status of participants, non-significant differences were observed between trained and untrained participants after the resistance training programme (Figure 3 ). However, when comparing pre−post intervention results for each way of measuring hypertrophy, both groups present significant increases for FFM (untrained: 1. 54 Performing a more detailed analysis of the training status on FFM, we found that the categories sedentary/untrained and physically active but no experience in RT, have higher and more significant values than the moderately trained (RT up to 1 year/intermediate, RT experience up to 2 years/intermediate, and RT experience up to 3 years/intermediate). Additionally, the highest values achieved are those obtained by the more experienced subjects, RT experience of 4 years or more/advanced (see Figure 4 ). However, no statistically significant differences between categories were observed (χ 2 = 5.79; p = 0.33).
differences were observed between trained and untrained participants after the resistance training programme (Figure 3 ). However, when comparing pre−post intervention results for each way of measuring hypertrophy, both groups present significant increases for FFM (untrained: Performing a more detailed analysis of the training status on FFM, we found that the categories sedentary/untrained and physically active but no experience in RT, have higher and more significant values than the moderately trained (RT up to 1 year/intermediate, RT experience up to 2 years /intermediate, and RT experience up to 3 years/intermediate). Additionally, the highest values achieved are those obtained by the more experienced subjects, RT experience of 4 years or more/advanced (see Figure 4 ). However, no statistically significant differences between categories were observed (χ² = 5.79; p = 0.33). , p = 0.12; I 2 = 0%, p = 1.00; Up to two year experience = 3: 0.69 kg 95% CI [−0.39, 1.76], p =0.21; I 2 = 0%, p = 1.00; Up to tree year experience = 4: 0.9 kg 95% CI [−1.28, 3.09], p = 0.42; I 2 = 0%, p = 1.00; RT experience of 4 years or more = 5: 2.96 kg 95% CI [1.06, 4.87], p = 0.002; I 2 = 41%, p = 0.08. , p < 0.001; I 2 = 0%, p = 0.89; untrained = 1: 1.92 kg 95% CI [1.05, 2.78], p < 0.001; I 2 = 0%, p = 1.00; Up to one year experience = 2: 1.39 kg 95% CI [−0.35, 3.12], p = 0.12; I 2 = 0%, p = 1.00; Up to two year experience = 3: 0.69 kg 95% CI [−0.39, 1.76], p =0.21; I 2 = 0%, p = 1.00; Up to tree year experience = 4: 0.9 kg 95% CI [−1.28, 3.09], p = 0.42; I 2 = 0%, p = 1.00; RT experience of 4 years or more = 5: 2.96 kg 95% CI [1.06, 4.87], p = 0.002; I 2 = 41%, p = 0.08.
Meta-Regression
The results from the meta-regression model are presented in Table 2 . Considering the overall effects, and taking into account the participant characteristics, none of our covariates explained any effect on changes in muscle mass. Regarding the training characteristics, the only significant variable that explains the variance of the hypertrophy was the sets per workout, showing a significant negative interaction (MD; estimate: 1.85, 95% CI [1. 45, 2.25] , p < 0.001; moderator: −0.03 95% CI [−0.05, −0.00] p = 0.041). When the effect of RT on changes in hypertrophy was evaluated with muscle mass assessment stratified into three subgroups (FFM, LMM and SMM) there were no covariates that explained any of the variance in the change in hypertrophy. 
Discussion
The main finding of the present study is that RT significantly increases muscle mass, in average (FFM = 1.56/LMM = 1.65/SMM = 1.11 kg), by about 1.5 kg with a wide range of heterogeneity (from 0 to 7.2 kg). These results were obtained including studies with interventions durations ranging from 2 weeks to one year. The present meta-analysis is, to date, the largest in terms of RT interventions on full body muscle mass gain. Most meta-analyses that have analysed the effect of RT and characteristics of participants on muscle mass gains have only included works with protein supplementation [6, [122] [123] [124] [125] [126] [127] [128] [129] or have analysed single variables of the training load isolated, as for example, training frequency [130] [131] [132] , intensity or training periodization [133] . This segmentation has meant that many of the works that have focused solely on these analyses have been left out. However, as stated by Morton et al. [6] , performance of RT alone is the much more potent stimulus, accounting for a substantially greater portion of the variance in RT-induced gain in muscle mass. Therefore, in order to have the largest number of studies that met all the inclusion criteria, the meta-analyses should focus on the variables of the training or the characteristics of the participants that have the greatest effect on muscle mass. The most important findings are that RT is an effective method to develop hypertrophy, regardless of the variable used to quantify it, as well as the training characteristics (intensity, volume, weekly training frequency, etc.), with significant increases of 1.6 kg in FFM; of 1.7 kg in LMM; and 1.1 kg in muscle mass (MM). These results are slightly higher than those found in the meta-regression of Morton et al. [6] , increasing 1.1 kg of FFM when supplementation is not included and 1.4 kg in the FFM when supplementation is included. This may be due to the fact that only studies including intervention with nutritional supplements were considered in Morton's work, and that the no-supplementation results were derived from the control groups of these studies. This considerably reduced their sample and may explain their possible underestimation of muscle mass. On the other hand, although there is no clear moderating factor, it is observed that there are certain variables such as the training status (the untrained have greater gains in hypertrophy), as well as other variables related to the training load, mainly the number of sets per workout, which explain a greater gain in this variable when the number is relatively low, always within a threshold. However, due to the lack of explanation of the variance from the variables of the training load analyzed, it has not been possible to fulfil the objective of creating a mathematical model for the estimation of the level of human muscle hypertrophy in men.
Participant Characteristics
Regarding the characteristics of the participants, no variable has been shown to moderate gains in hypertrophy. It should be noted that a decrease in hypertrophy has traditionally been associated with age. In the present meta-analysis, it has been shown that, regardless of the technique used to estimate muscle hypertrophy, age does not have a moderating component on it. These results are as expected, as the included studies focused only on participants between 18 and 40 years old. In humans, sarcopenia (i.e., loss of muscle mass and function) affects individuals from approximately the 4th decade of life [134] , with a decrease of 30-50% in skeletal muscle mass and function by the time individuals reach approximately 80 years of age [135] . For instance, Morton et al.'s [6] study found that RT in addition of protein supplementation is more effective at improving FFM in young or resistance-trained individuals than in older or untrained individuals. It is clear that older individuals are anabolically resistant [136] ; however, according to the current meta-analysis, it seems that RT induces similar gains in muscle mass, independently of the age of the participant, when considering individuals from 18 to 40 years old. In any case, future studies are needed in which it is analyzed whether the gains of muscle mass after RT are dependent on the age of the participants of said programmes, including in those studies that have a sample with a wide age range.
Furthermore, in relation to the initial level of the participants (training status) we observed the shorter the experience in RT of the athlete is, the higher the hypertrophy gains are, except for those with an experience of 4 years or more ( Figure 4 ). We believe that the reasons for the similar improvements in sedentary and advanced subjects are due to different reasons. In the case of sedentary or lightly trained it is probably the lack of previous stimulus that causes greater hypertrophy. These results are in line with different studies that have shown that hypertrophic responses to RT have been shown to diminish over time [137] , in addition to hypertrophic potential being lower in well-trained strength athletes [138] . However, regarding the most advanced practitioners our results are quite surprising. It seems that once an experience threshold of approximately 4 years is surpassed the ability to hypertrophy increase. We hypothesise that this might be due to a more advance knowledge about training methodologies, higher level of adherence to the RT sessions, greater motivation toward training [139] , a better exercises technique or even or the use of undeclared anabolic steroids. However, more studies elucidating the factors (behavioural, physiological or other) responsible for this are needed. Finally, from these results we can recommend that if we want high gains in hypertrophy with intermediate trained participants, we will have to be very precise in the design and establishment of the appropriate training load, as well as in the nutritional strategies necessary for an optimal anabolic balance of athletes [6] . Therefore, the previous state of training is a decisive variable in the potential gain of muscle mass. If analysed as a dichotomous variable (trained/untrained, Figure 3) , the result is different to that of making a more detailed analysis taking into account several categories of experience (Figure 4 ). In any case, the relationship between hypertrophy and the training status does not seem linear. It should also be remembered that one possible explanation for this is that there are not enough studies with intermediate training states. Finally, only men were included in the present study because the ability to hypertrophy is very different depending on the sex [10] . In addition, several studies suggest that the menstrual cycle can influence muscle mass improvements [140, 141] .
Training Characteristics
With respect to the training characteristics the only variable that seems to have a significant moderating effect is the number of series per session, being its moderator coefficient negative (−0.03; p = 0.04). This suggests that a high number of series per session could negatively affect muscle mass gains. This finding is in line with those by Schoenfeld et al. [130, 132] showing that when equaling volume, greater hypertrophy was observed in those groups that distributed the sets with a higher weekly frequency (2−3 days) per muscle group. Contrary to these results (ours and previous) there is a meta-analysis supporting the efficacy of greater exercise volume [142] , concluding that individuals interested in achieving maximal hypertrophy should perform a minimum of 2-3 sets per exercise, and that possibly 4-6 sets could give even a greater response; yet still, considerable heterogeneity was present in the analysis [143] , and the only significant difference was observed when comparing one set with three sets. Nevertheless, even if a minimum number of series seems to be necessary to maximise muscle hypertrophy [144] there also appears to be a threshold by which the increase in the sets of exercise performed per muscle group within a given training session does not necessarily lead to greater muscle growth [144, 145] . Thus, when designing a RT programme aiming to increase muscle mass it is not recommended to include an excessively high number of sets, such as that found in this study (16 sets per session on average). Similar recommendations have recently been proposed in a narrative review suggesting that despite increasing the number sets per exercise (albeit the majority of studies within RT literature focus on number of sets), it is likely more beneficial to increase the training frequency [145] .
Therefore, future analyses are necessary in which all the variables related to the training load are stratified so that they can give us an idea of which is the optimal dose. Consequently, although we observed an influence of number of sets over the quantity of muscle hypertrophy developed, more studies are needed.
However, perhaps the methods used so far for the muscle hypertrophy may not be sensitive enough to predict which variable and to what extent said variable can moderate greater gains in the development of hypertrophy.
Conclusions
In conclusion, resistance training has a significant effect on the improvement of hypertrophy, regardless of the method used to quantify it. The improvements ranged from 1.6 kg in FFM, 1.7 kg in LMM, to 1.1 kg in MM. Regarding the characteristics of the participants, there are no variables (neither the age, nor the training status of the participants) that moderate the gains in hypertrophy. In addition, with respect to the characteristics of the training, the only single variable that moderates inversely the gains in hypertrophy is the number of sets per workout, showing that an excess of sets per workouts affects negatively the amount of muscle growth.
Limitations
As mentioned earlier, RT has a long and significant effect on the development of hypertrophy. However, these gains were different depending on the variable used as the equivalent of muscle hypertrophy. Clearly, the methodologies used differ from each other, finding a non-significant difference of 45.6−54.6% when comparing hypertrophy by means of FFM and LMM versus MM. In the context of body composition and muscle hypertrophy, it is important to be very clear about what these two concepts mean and how they are measured as variables. Ideally, muscle mass should be measured isolated from the rest of the tissues, but this can only be achieved by using nuclear magnetic resonance and most of the studies do not utilize this method. Therefore, very few studies assess muscle mass as an isolated variable from the rest of the tissues and/or provide the value for the whole-body muscle mass [13, 15, 146] .
The methodology of assessment could be a limitation, given that the measurement techniques (i.e., DXA, bioimpedance, etc.) of each study are different. However, previous studies have reported that these differences are not significant [147] , supporting the comparison made in the present work.
In addition, we need to keep in mind that many of the included studies did not specifically aimed to increase muscle mass, and therefore the heterogeneity of the results may be due to the different methodologies employed. Nevertheless, the purpose of our study was to define the range of muscle mass growths that can be expected after a RT intervention, even if the main purpose of the programmes was not muscle hypertrophy.
Finally, the lack of heterogeneity in the variance of the studies include in the present meta-analysis, the different purposes and outcomes expected by the studies included, and poor description of training variables may be limiting to the present meta-analysis and meta-regression.
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